Introduction
A clinoamphibole quadrilateral is rep resented by the end member compositions Ca2Mg5Si8O22(OH)2, Ca2Fe5Si8O22 (OH)2, Mg7Si8022(OH),. and Fe7Si8022(OH)2.
Coex isting Ca-rich and Ca-poor amphiboles under equilibrium conditions are separated by a wide immiscibility field that is analogous to the two pyroxene field in the well-known pyroxene quadrilateral.
The presence of the wide mis cibility gap has been confirmed by not only the study of natural amphibole pairs (e.g. Ross et al., 1969) but also the experimental study (Cameron, 1975 ). 1978a, 1978b, 1980, 1982 formed, it was noted that the correlation between wt. % values by the step-scan analysis and the cation numbers by the complete analy sis was linear or curvilinear. Secondly, the regression line was determined by means of least square refinement in the case of liner correlation, and alternatively, in the curvilinear correlation an average curve was determined with the naked eyes. Then, the number of cation corresponding to a given wt. % value obtained from the step-scan analysis was esti mated by means of the relevant calibration line. "Approximate numbers of cations" thus ob tained were used to investigate the chemical zoning of this particular amphibole grain.
Chemistry of the amphibole grain
Ten representative analyses are given in composition through domains A, B and C with out any significant intermittence, from horn blende through subcalcic actinolitic hornblende, subcalcic actinolite and calcian cummingtonite, the same side of the immiscibility field crystal lized at different temperatures in the differentiating quartz diorite porphyry dike magma. After the emplacement the dike magma produced a small amount of residual melt crystallizing oligoclase (>An10) at the last stage of fractional crystallization (Ujike, 1982) . One end of a growing amphibole prism was in contact with such a residual melt and continued its crystallization to form domains B and C within the significantly differentiating melt.
Compositions of domains B and C show an unusual variation from subcalcic actinolite to cummingtonite probably reflecting the low CaO content of the residual melt in part. Klein (1968) and Ewart et al. (1975) are also shown for comparison. The lozenge with "B" indicates a calcian cummingtonite synthesized by Btisch et al. (1974) . Ca-Amp: Calcic amphibole. Ca-Cum: Calcian cummingtonite. Cum: Cummingtonite.
The other symbols are the same as in Fig. 2 .
The miscibility gap between cummingtonite and calcic amphiboles, either hornblende or actinolite, is well established in metamorphic environments (e.g. Klein, 1968; Ross et al., 1969; Cameron, 1975) . On the other hand, although coexisting hornblende and cummingtonite in equilibrium are sometimes described (e.g. Klein, 1969 ; Ewart et al., 1975) , no actinolite-cummingtonite pair is reported from the igneous environment so far as we know. However, it is possible that the act inolite-cummingtonite miscibility gap remains open, even if the gap may be consider ably diminished, under physico-chemically appropriate conditions in the later stage of magmatic crystallization.
The chemical vari ation from domain B to domain C appears to cross the actinolite-cummingtonite miscibility gap expected from igneous hornblende-cummingtonite pairs by Klein (1968) and Ewart et al. (1975) as shown in Fig. 4 . The concentration-contour maps show complex distribution patterns for Ca and Mg/(Mg+Fe) in domain B and especially in domain C suggesting that they are products of quenched crystallization. Where the ratio of the diffusion rate of compo nent to the crystal growth rate is small, "quen ched" crystals tend to develop even in the case of slow cooling (Lofgren, 1974) . Besides the temperature effect, the diffusion rate is a func tion of the viscosity of melt and is small in differentiating felsic melts due to high viscosity (Carmichael et al., 1974) . A "secondary horn blende" experimentally formed from a tonalitic melt by Busch et al. (1974) , which may be a "quenched" product , has a calcian cummingtonite composition similarly to domain C (Fig.  4) .
It is most probable that the continuous decrease of Ca from domain B to domain C is ascribed to metastable crystallization under diffusion-controlled conditions in which the crystal growth is too rapid relative to the diffusion of some components (at least of Ca).
Similar "quenched trends" are well known for clinopyroxenes and are also interpreted in terms of metastable crystallization (e.g. Smith and Lindsley, 1971; Yamakawa, 1971; Ewart, 1976 used to be a member of the Shikoku Office Geological Survey of Japan.
